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mOElO ARRAY SYNTHESIS AND ASSB^ OF 6ENE-L£N6TH 

POLYNUCLEOTIDES 

Teclmical Field of the Invention 

5 TbQ present invention provides a process for in vitro synfliesis and assembly of long, 

gene-length polynucleotides based upon assembly of multiple shorter oligonucleotides 
synthesized m situ on a microarray platform. Specifically, flie present invention provides a 
process for m situ synthesis of oligonucleotide sequence fiagments on a solid phase microarray 
platform and subsequent, "on chip" assembly of larger polynucleotides composed of a phnality 

10 of smaller oligonucleotide sequence fiagments. 
Background of tiie Invention 

In the world of microarrays, biological molecules (e.^-, oligonucleotides, polypeptides 
and the like) are placed onto suxfeces at defined locations for potential binding with target 
samples of nucleotides or receptors. Microarrays are miniaturized arrays of biomolecules 

1 5 available or being developed on a variety of platforms. Much of tbe initial focus for these 
micioarrays have been in genomics wifli an emphasis of single nucleotide polymorphisms 
(SNPs) and genomic DNA detectionAralidation^ fonctional genomics and proteomics 
(Wilgenbus and Lichter, J. Mol Med. 77:761, 1999; Ashfari et al.. Cancer Res, 59:4759, 1999; 
Kurian et al,, J. PathoL 187:267, 1999; Hacia, Nature Genetics 21 suppl.:42, 1999; Hada et 

20 al., MoL Psychiatry 3:483, 1998; and Johnson, Curr, BioL 26:R171, 1998). 

There are, in general, three categories of microarrays (also called **biochips** and "DNA 
Arrays" and "'G^me Chips'* but this desc^tive name has been attempted to be a trademark) 
having oligonucleotide content Most often, the oligonucleotide microarrays have a solid 
sur&ce, usually silicon-based and most ofien a glass microscopic slide. Oligonucleotide 

25 microarrays are often made by different techniques, including (1) "spotting" by depositing 
single nucleotides for in situ synthesis or completed oligonucleotides by physical moans (ink 
jet printing and the like), (2) photolitiiographic techniques for in situ oligonucleotide syn&esis 
(see, for example, Fodor U.S. Patent *934 and the additional patents that claim priority fipom 
tihis priority document, (3) electrochemical in situ synthesis based upon pH based removal of 

30 blocking diemical functional groups (see, for example, Mcmtgomery U.S. Patent 6,092,302 the 
disclosure of v^ch is incorporated by reference herein and Southern U.S. Patent 5,667,667), 
and (4) electric field attraction/r^ulsion of folly-formed oligonucleotides (see, for example, 
Hollis et al., U.S. Patent 5,653,939 and its duplicate Heller U.S. Patent 5,929,208). Only the 
fiirst three basic techniques can form oligonucleotides in situ that are, building each 

35 oUgonucleotide, nucleotide-by-nucleotide, on Ifae microarray sur&ce without placing or 
attracting folly formed oligonucleotides. 

Wifo regard to placing folly formed oligonucleotides at specific locations, various 
micro-spotting techniques using computet'-controlled plotters or even ink-jet printers have been 
developed to spot oligonucleotides at defined locations. One techniques loads glass fib^ 
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having multiple capillaries drilled through thea with difiEbrent oligonacleotides loaded into 
each ci^illaiy tube. Microanay chips, oftm simply glaas imax>scope 
out mnch like a rubb» stamp on each sheet of paper of glass slide. B is also possible to use 
"spotting" techniques to build oligonucleotides m sittL Essentially, fliis involves "'spottmg^ 

5 televaxit single nucleotides at the exact location or region on a slide (preferably a glass slide) 
where a particular sequence of oligomicleotide is to be built TberefiMre, irrespective of 
whether or not fiiUy formed oKgomicleotides or single nucleotides are added for in situ 
synthesis, spotting techniques iuvolve the precise placement of materials at specific sites or 
regions using automated techniques. 

10 Anoth^ technique involves a photolithography process involving photomasks to build 

oligonucleotides in siiu^ base-by-base, by providing a series of precise photomasks coordinated 
with single nucleotide bases having light-cleavable blocking groups. This technique is 
described in Fodor et al., U.S. Patent 5,445,934 and its various progeny patents. Essentially, 
this technique provides for '"solid-phase chemistry, photolabUe protecting groups, and 

1 5 photolithography ... to achieve light-directed spatially-addressable parallel chemical 
synthesis." 

The electrochemistry platform (Montgomery U-S. Patent 6,092,302, the disclosure of 
which is incorporated by reference herein) provides a microarray based upon a semiconductor 
chip platform having a plxirality of microelectrodes. This chip design uses Complimentary 

20 Metal Oxide Semiconductor (CMOS) technology to create high-density arrays of 
microelectiodes with parallel addressing for selecting and controlling individual 
microelectrodes within the array. Tbe electrodes turned on wifli current flow generate 
electcochemical reagents Qjarticularly acidic protons) to alter the pH in a small 'Vrrtoal flask" 
region or volume adjacent to flie electrode. The microarray is coated with a porous matrix for 

25 a reaction layer material. Thickness and porosity of the material is carefully controiled and 
biomolecules are synthesized within volumes of the porous matrix whose pH has been altered 
through controlled diflusion of protons generated electrochemically and whose diffiision is 
limited by diffusion coefficients and the bujBfering capacities of solutions. However, in order to 
function properly, the microarray biochips using electrochemistry means for in situ synthesis 

30 has to alternate anodes and cathodes in the array in order to generated needed protons (acids) at 
the anodes so fbst the protons and other acidic electrochemically generated acidic reagents will 
caiise an acid pH shift and remove a blocking group from a growing oligom^. 
Gene Assemblv 

The preparation of arbitrary pol>TOicleotide sequences is useful in a "post-genomic" era 
35 because it provides any desirable gene oligonucleotide or its fiagment, or even whole genome 
material of plasmids, phages and viruses. Such polynucleotides are long, such as excess of 
1000 bases in length. Jn vitro synthesis of oli^nmcleotides (given even the best yield 
conditions of phosphoranaidite chemistry) would not be feasible because each base addition 
reaction is less than 100% yield. Therefore, researchers desiring to obtain long 
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polyiuicleotides of gene Iragth or longer had to turn to natare or gene isolation techniques to 
obtain polynncleotides of such Iragth. For the pmposes of fhis patent application, the term 
*^lynucleotide'* shall be nsed to refer to nucleic acids (eitber single stranded or doable 
stranded) that are sufGciently long so as to be practically not feasible to make in vitro through 
5 single base addition. In view of the exponmdal drop-oflF in yields from nucleic acid synthesis 
chemistries, such as phosphoramidite chemistry, such polynucleotides generally have greater 
than 100 bases and often greater than 200 bases in Imgth. It should be noted that many 
commercially usefiil gene cDNA*s often have lengths in CKcess of 1000 bases. 

MoreovCT, tiie tenn "oligonucleotides" or shorter term "oligos" shall be used to refer to 

10 shorter lengfli smgle stranded or double stranded nucleic acids capable of in vitro synthesis and 
generally shorter than 1 SO bases in length. While it is theoretically possible to synthesize 
polynucleotides through single ba^e addition, the yield losses made it a practical impossibility 
beyond 150 bases and certamly longer than 2S0 bases. 

However, knowledge of the precise structure of tihie genetic material is often not 

15 sufBcient to obtain fhis material ftorn natural sources. Mature cDNA, which is a copy of an 
mKNA molecule^ can be obtained if starting material contains tins desired mKNA. However, 
it is not always known if this particular mRNA is present in a sample or the amoimt of this 
mRNA might be too low to obtain the corresponding cDNA without significant difBculties. 
Also, different levels of homology or splice variants may interfere with obtaining one 

20 particular species of mRNA On the other hand many genomic materials might be not 

appropriate to pr^axe mature gene (cDNA) due to exon-intron structure of genes in many ' 
different genomes. 

Jn. addition, there is a need in the art for polynucleotides not existing in nature to 
improve genomic research performance. In general, the ability to obtain polynucleotide of any 

25 desired sequence just knowing the primary structure for the reasonable price in short period of 
time will significantly move forward several fields of biomedical research and clinical pmctice. 

AssCTibly of long arbitrary polynucleotides from oligonucleotides synthesized by 
organic synthesis and individually purified has olher problems. Ibe assembly can be 
perfbxmed using PGR or ligation metiiods. The synthesis and purification of many different 

30 oligonucleotides by conventional methods (even using multi-<:hannel synthesizers) are 

laboriotxs and expensive procedures. The current price of assembled polynucleotide on flie 
market is about $12-25 per base pair, which can be considerable for assembling larger 
polynucleotides. Very ofijen the amount of conventionally synthesized oligonucleotides would 
be excessive. This also contributes to the cost of the final product 

35 Therefore, there is a need in the art to provide cost-effective polynucleotides by 

procedures that are not as cumbmome and labor-intensive as present methods to be able to 
provide polynucleotides at costs below $1 per base or 1-20 times less than current methods. 
Tiie presfflt invention was made to address this need* 
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Summary of ihe Invention 

The preseat invention provides a process for tiie assembly of oligonucleotides 
synduesized on microazrays into a polynucleotide sequence. The desired target polynncleotide 
sequence is dissected into pieces of overlapping oligonucleotides. In the first embodimoit 
5 fliese oligonucleotides are synthesized in situ, in parallel on a micioarray chip in a non- 

cleavable fbmL A prizner extension process assembles the target polynucleotides. Tlieprim^ 
extension process uses starting primers tiiat are specific for &e appropriate sequences. The last 
step is PGR amplification of the final polynucleotide product Preferably, the polynucleotide 
product is a cDNA suitable fi>r transcription purposes and furtibter comprising a promoter 
10 sequence for transcriptioiL 

The present invention provides a process for assembling a polynucleotide from a 
plurality of oligonucleotides comprising: 

(a) synthesizing or spotting a plurality of oligonucleotide sequences on a 
micioarray device or bead device having a solid or porous sur&ce, wherein a first 

1 S oligonucleotide is oligo 1 and a second oligonucleotide is oligo 2 and so on, whecdn the 

plurality of oligonucleotide sequences are attached to the solid or porous surfece, and wherein 
the first oligonucleotide sequence has an oveilai^ing sequence region of from about 10 to 
about SO bases that is the same or substantially tiie same as a region of a second 
oligonucleotide sequence, aiKl wherein the second oligonucleotide sequence has an 

20 overlapping region with a third oligonucleotide sequence and so on; 

(b) forming complimentary oligo 1 by extending primer 1, wherein primer 1 is 
complrmentaiy to oligo 1; 

(c) disassociating complimentary oligo 1 from oligo 1 and aimealing 
complimentary oligo 1 to both oligo 1 and to the overlapping region of oligo 2, wherein tiie 

25 annealing of complimentary oligo 1 to oligo 2 serves as a primer for extension for fomung 
complimentary oligo 1+2; 

(d) rqpeating the primer extension cycles of step (c) until a full-length 
polynucleotide is produced; and 

(e) amplifying the assembled complementary fiiU length polynucleotide to produce 
30 a foil length polynucleotide in desired quantities. 

Preferably, the solid or porous surfoce is in the form of a micrcarray device. Most 
preferably, the microarray device is a semiconductor device having a plurality of electrodes for 
synthesizing oligoxmcleotides in situ using electrochemical means to couple and decouple 
nucleotide bases. Preferably, the primer extension reaction is conducted through a sequential 
35 process of melting, annealing and then extensioiL Most prefoably, the primer extension 

reaction is conducted in a PGR amplification device using the microatray having the plurali^ 
of oligonucleotides bound thereto. 

The present invention fiuihOT provides a process for assCTibling a polynucleotide from 
a plurality of oligonucleotides comprising: 
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(a) synlhesizmg in situ or spotting a pliizality of oligptmcleotide sequences on a 
mioioaxray device or bead device each having a solid or poious sm&ce, wheiein flie plurality 
of oligonocleotide sequences are attached to the solid or porous sur&ce, and wherein each 
oligonucleotide sequence has an overlapping region corresponding to a next oligonucleotide 

5 sequence widiin the sequence and farther comprises two flanking sequences^ one at the 3' end 
and the ofiier at the 5* end of each oligonucleotide^ wfaia:ein each flanVing sequence is from 
about 7 to about SO bases and conqxrising a primer region and a sequence segment having a 
restriction enzyme cleavable site; 

(b) amplifying each oligonucleotide using &e primer regions of the flAtilcfng 
10 sequence to form double stranded (ds) oligonucleotides; 

(c) cleaving the oli^ucleotide sequences at the restriction enzyme cleavable she; 

and 

(d) assembling the cleaved oligonucleotide sequences through the overlapping 
regions to form a full length polynucleotide. 

1 S Preferably^ the flanking sequence is fcom about 10 to about 20 bases in length. 

Preferably, flie restriction enzyme cleavable site is a class II endonuclease restriction site 
sequence capable of being cleaved by its corresponding class U restriction endonuclease 
enzyme. Most preferably, the restriction endonuclease class 11 site corresponds to restriction 
sites for a restriction mdonuclease class II enzyme selected &om the group consisting of Mly I, 

20 BspM I, Bae I, BsaX I, Bsr I, Bmr I, Btr I, Bts I, Fok I, and CQmbioations thereof Preferably, 
I9ie flanking sequence furOier conqjrises a binding moiety used to purify cleaved 
oligonucleotides fiom fliahking sequences. Preferably, the process further cpnq>rises the step 
of labeling the flanking sequence during the amplification st^ (b) using primer sequences 
labeled with binding moieties. Most preferably, a binding moiety is a small molecule able to 

25 be captured, such as biotin c^tured by avidin or streptavidin, or fluorescein able to be 
captured by an anti-fluorescein antibody. 

Hie present invention fiulher provides a process for assembling a polynucleotide firom 
a plurality of oligonucleotides comprising: 

(a) synthesizing in situ or jotting a plurality of oligonucleotide sequences on a 

30 micEoarray device or bead device each having a solid or porous sur&ce, wherein the plurality 
of oligonucleotide sequ^ces are attached to tbe solid or porous sur&ce, and wherein each 
oligonucleotide sequence has an overlapping region corresponding to a next oligonucleotide 
sequence within the sequence, and further comprises a sequence segment having a cleavable 
linker moiety; 

3S (b) cleaving flie oUgonucleotide sequences at the cleavable linker site to cleave 

each oligonucleotide complex fiom the micax^airay or bead solid sui&ce to form a soluble 
niixtuxe of oligonucleotides, each having an overiapping sequence; and 

(c) ass^nbling the oligonucleotide sequences through the overlapping regions to 
fann a full lengdi polynucleotide. 
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Preferably, the cleavable linloBr is a chemical composition having a soccinate moiety 
hound to a nucleotide moiety such fliat cleavage ptodnoes a 3'hydioxy nncleotide. Most 
preferably, tiie cleavable linker is selected fiom the groop consisting of S'"dimeflloxytz^tyl- 
fty^udme-3•s^lccinatB,4-N-benzoyi-5•-diIne&oxytrityl•^^ 
5 bOTOTyi-5*Hiimedioxytrityl-deoxyadenosine-3'-succ^ 2-N-isobiifyiyl-5'-dime1faoxytiityl- 
deoxygiianosone-3 '-succinate, and combinations thereof. 

The present invention fiulher provides a process for assembling a polynucleotide fi?om 
a plurahty of oligonucleotides comprising: 

(a) synthesizing in situ or spotting a plurality of oligonucleotide sequences on a 
10 microanay device or bead device each having a solid or porous surfiice, wherein the pluiality 

of oUgonudeotide sequences are attached to the solid or porous sur&ce, and wherein each 
oligonucleotide sequence has a flanking region at an end attached to the solid or porous 
sur£ace, and a specific region designed by dissecting the polynucleotide sequence into a 
plurality of overlapping oUgonucleotides, wherein a first overlapping sequence on a first 
IS oligonucleotide corresponds to a second overlapping sequraice of a second oligonucleotide^ and 
viietein the flanking sequmce conq>risea a sequence segment having a restriction 
endonuclease (RE) xecogqition sequence capable of being cleaved by a corresponding RE 
aizyme; 

(b) hybridizing an oligonucleotide sequence complementary to the flanking region 
20 to form a double stranded sequence capable of interacting with the corresponding KB enzyme; 

(c) digesting the plurality of oligonucleotides to cleave them fix>m the microairay 
device or beads into a solution; and 

(d) assembling the oligonucleotide mixture finou^ the ovedapping regions to form 
a full length polynucleotide. 

25 Preferably, the flanking sequence is &om about 10 to about 20 bases in lengAu 

Preferably, the restriction en2yme cleavable site is a class U endonuclease restriction site 
sequence capable of being cleaved by its coiresponding class H restriction endonuclease 
^izyme. Most preferably, the restriction mdonucleose class n site corresponds to restriction 
sites for a restriction endonuclease class II enzyme selected fiom flie group consisting of Mly ^ 

30 BspMIyBael, B8aXI,BsrI,Bn]rI,BtrI, Bt8l,FokI,andconibinatioxi5tfa6^ Preferably^ 
the process further comprises a final step of amplifying the polynucleotide sequence using 
primers located at both ends of die polynucleotide. 

The present invention fiirfher provides a process for creating a mixture of 
oUgonucleotide sequences in solution comprising: 

3S (a) synthesizing in situ or spotting a plurality of oligonucleotide sequ^ices on a 

niicroaxray device or bead device each havmg a solid or porous sux&ce, wherein the plurality 
of oligonucleotide sequences are attached to the solid or porous surface^ and wherein each 
oUgonucleotide sequence further comprises two flanking sequences, one at the 3' aid and the 
other at the 5* end of each oligonucleotide, wherein each flanViTig sequence is fix>m about 7 to 
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about 50 bases and comprising a primer legion and a sequence segment having a restriction 

enzyme cleavable site; 

(b) amplifidng each oUgonucleotide using the priiner regions of flie flanking 

sequence to fonn a double stranded (ds) oligonucleotides; and 
5 (c) cleaving flie double stranded oligonucleotide sequences at the restriction 

enzyme cleavable site. 

Preferably, &e flanking sequence is from about 10 to about 20 bases in length. 
Preferably, the lestriction enzyme cleavable site is a class E endonuolease restriction site 
sequence capable of being cleaved by its coiresponding class H restriction endonuolease 
10 enzyme. Most preferably, flie restriction endonucleose class H site conesponds to restridian 
sites fin- a restriction endonuolease class n enzyme selected from the group consisting of Mly I, 
BspM !» Bae I, BsaX I, Bsr I, Bmr I, Bir I. Bts I, Fok I. and combinations thereof Preferably, 
Hie flanking sequence further comprises a binding moiety used to purify cleaved 
oligonucleotides from flanking sequences. Preferably, the process fiirther conqirises flie step 
15 of labelmg the flanking sequence during the amplification Btop (b) using primer sequences 
labeled with binding moieties. Most preferably, a binding moiety is a small molecule able to 
be cqytued, such as biotin ci^tDred by avidin or streptavidin, or fhiorescein able to be 
c^toied by an auti-fluorescein antibody. 

The present invention ftulher provides a process ftn: creating a mixture of 
20 oligonucleotide sequences in solution comprising: 

(a) synthesizing in situ or spotting a pluiaUty of oligonucleotide sequences on a 
nricroairay device or bead device each having a soUd or porous surfece, wherein the pluraUty 
of oHgonndeotide sequences are attached to the solid or porous surfece, and wherran each 
ofigonncleotide sequence has a sequence segment having a cleavable linker moiety; 
25 (b) cleavmg tiie oligonucleotide sequences at the cleavable linker site to cleave 

each oHgonucleotide sequence from the microatray or bead solid surfece to form a soluble 
mi x l ii ie of oligonucleotides. 

Preferably, flie cleavable linker is a chemical composition having a succinate moiety 
bound to anncleotide moiety such that cleavage produces a 3'hydraxy nucleotide. Most 
30 preferably, the cleavable linker is selected from the gfovp oonsiatmg of S'-dimeflioxytritjd- 
fliymidhi&-3'succinate, 4-N-bc!nzoyl-5'-dimethoxytrityl-deoxycytidine-3*-ffuccinat8, l-N- 
benzoyl-5'-dimethDxyfri1yl-deoxyadeiiosjne-3'-^uccinate,2-N-isobutyryl-5'-^ 
deoxyguanosone-S '-succinate, and combinations tihi©»of. 

The present invention fUrtber provides a process for creating a mixture of 
35 oligpnucleotidB sequences in solution conqnising: 

(a) synthesizing in situ or spotting a plurality of oU^nucleotide sequences on a 
nricroairay device or bead device each having a solid or porous surfece, wherein fte phiraKty 
of oligonucleotide sequences are attached to the solid or porous surfece. and wherein each 
oUgODUcleotide sequence has a flanking region at an end attached to the solid or porous 



7 



wo 2004/D24886 PCTAJS2003/028946 

suifece. and a specific region, whetdu the flanking sequence coinprises a sequence segment 
having a restriction endonuclease (RE) recognition sequence capable of being cleavedby a 

cooesponding RE enzyme; 

(b) iqrbtidizinganoliEonucleotidBseqaeiu^coniplementarytDfhefb^^ 

5 to to a doiible stranded sequence enable of inlenictingwifc the corr^^ 

(c) digesting fbe plurality of oligonucleotides to cleave fliem fiom the nucroarray 

device or beads into a solution. 

Preferably, the flanking sequence is fiom about 10 to about 20 bases in length. 
Preferably, flie restriction enzyme cleavable site is a class H endonuclease restriction site 

10 sequei««c^ableofbein«cleavedbyitscoiiespondingclassnrestrictionendonuc^ 

enzyme. Most preferably, flie restriction endomxcleose class H site corresponds to restncbon 
sites for a restriction endonuclease class U enzyme selected fiom the group consisting of Mly I. 
BspM I, Bae I. BsaX I. Bsr I. Bmr I, Btc I. Bts I, Fok I, and combinations hereof 
Brief Description of the Drawings 

15 Figure 1 shows a schematic of gene assembly on amicroairay device suifece or porous 

matrix, to Figure 1 A, the target gene sequence is dissected mto number of overiappmg 
oligpnucleotides. The 3' and 5» are the ends of flie shown strand. Figure lA also shows, 
relative Id the target sequence, primer Prl ; ejrtcnsion product of primer Prl , which is 
complememary oligonucleotide 1; and ertension product of complhnentary oligonucleotide 1. 

20 whichiscon^lemcntaiyoligoiuicleotidesl+2. Figure IB illustrates one embodiment of the 
mitial steps ofan assembly process. In step 1 of assembly. Primer Prl is annealed to 
oUgonucleotide 1 and extended by appropriate polymerase enzyme into product 
complementary to oKgonucleotide 1. The second step is melting, r^^amwaling and extension 
(le amplification) to lead to production of larger amount of Prl extension product 
25 CcoiIiplsmentaryoligaimcleotidel),ieHis80ciation of flie complementary oUgonucl^^^ 

with oligonucleotide 1. and to anncalmg of flie complementary oligonucleotide 1 with 
oligonucleotide 2 foUowed by its extension into product complementary to oligonucleotides 
1+2 Figure IC shows a contmuation of the assembly process fiom Figure IB. Specifically, 
step 3 of the process (i.e.. melting, re-annealing and extension) leads to the same products as 
30 step 2 plus a product complementary to oHgomicleotides 1+2+3. Cycles (steps) are repeated 
until a foll-lenglh complementary polymicleotide is formed. The final step is preparahon of 
&e final targpt polynucleotide molecule in desirable amounts by amplification (le., PGR) 
using two primers complementary to die ends of this molecule (PrX and PrY). 

Figure 2 shows a second embodiment of the inventive gene assembly process usmg 
35 oUgonucleotides synthesized f» situ onto a microartay device, each havmg a flanking sequence 
region contaimng a restriction enzyme cleavage site, followed by a PGR amplification step and 
followed by a REH restriction enzyme cleavi«e step. 

Figure 3 shows a schematic for gene assembly using oHgos synthesized and tiwn 
cleaved fiom a nricioarray device. Specifically, in flie upper panel marked «A", 
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oUgomicleotide sajuences are connected to the microarray device flnough a cleavable linker 
(CL) moiety. An example of a cleavable Knkor moiety is provided in Figure 3 A. The 
cleavable linkers are molecules fliat can withstand the olipmucleotide synfliesis process (icr., 
phosphoramiditB chanistry) and ften can be cleaved to release oKgonucleotide ftagmenls. 
5 Oianical cleavage at cleavable linker CL recreates usual 3' end of specific oligos 1 flnougJiN. 
Ttese oligonucleotides are released into a mixture. The mixture of oligonucleotides is 
subsequeufly assembled into full-length polynucleotide molecules. In tiie lower panel marked 
•"B" of Figure 3, oligonucleotide sequmces are connected to the microarray device fliroug^ 
additional flanking sequence containmg a restriction enzyme (RE) sequence site. Another 
1 0 oligonucleotide sequence, con^lementary to flie flanking sequence region, is hybridized to the 
oligonucleotides on the microarray device. This recreates a "ds" or double-stranded 
oligonucleotide structure, each having a RE sequence recognition region in tiie flankmg 
sequence region. Dig^tion of this ds oligonucleotides with the corresponding RE enzymes at 
the RE recognition sites in the flanking sequence regions releases the specific oligonucleotides 
15 1 fhrou^ N, When assembled, oligonucleotide sequences 1 through N form a fiill-length 
polynucleotide molecule. 

Figure 4 shows flie assembly of a polynucleotide fix>m three oligonucleotide fiagments 
vdierem each oligonucleotide fiagment was synthesized in situ on a microarray device. Hie 
folly assembled polynucleotide was 172 mers in length, a length not practically achievable by 
20 in situ synthesis. The first embodiment inventive process was used in ttiis example. 

Figure 5 shows the oligonucleotide sequences used to assemble the 172-mer 
polynucleotide of Figure 4. The sequences of prhners X and Z are underlined- Thef^WJElI 
restriction site is indicated by italic underlined letters. 

Figure 6 shows a scheme for preparing the sequences of flanking regions and primers 
25 used for pr^aration of specific oligonucleotide for assembly using the REn enzyme Mlyl. 

Primer 1 is complementary to the oligonucleotide strand on a microarray device and contains a 
Biotin-TEG (triefhylene glycol) moiety. Primer 2 is flie same strand as the oligonucleotide 
sttand on microarray device and contains Biotin-TBQ moiety. Any sequence between flie 
primers can be used and is just designated by a sUmg of JTs. 
30 Figure 7 shows the results of PCSR. and Mfyl digestion of an oligonucleotide sequence as 

described m Figure 6. The clean bands diow the abiHty to obtain pure oUgonucleotidesusm 
the second embodiment of flie mventive process Xo cleave off oligonucleotide sequences usmg 
appropriate restriction enzymes. 

Figure 8 shows flie sequences ftom nine oHgoimcleotides firagments (consecutively 
35 numbered 1-9) used to assemble a 290 bp polynucleotide. The flankmg regions are shown in 
bold and underlined. The process used for polynudeotidB assembly was flie second 
embodhnent The overlapping regions forther contained a cleavable site as Ihe Mfyl 
recogmtion site for the Mfyl class II restriction endonuclease. 
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Figurc 9 shows a schematic in &e top panel fbr assembling a polynucleotide ftom nine 
oligonncleotides. Nine oligpmicleotide sequences, shown in Figure 8, were anq>lified by PCR 
nsingprimeis 1 and 2 (as des<aibed in Figro 6) into ds DNA fragments cont^^ 
flanking regions and specific overl^>iring sequences, digested with Affyl enzyme to remove 

5 flanking sequences, and used for assembly of 290 bp DNA fragment The cohmms in the gel 
shown are M- markers, 1 - negative control, assembly wiflwut primers FPl and FP2, 2 - 
negative control, assembly without specific oligos, 3 - assembly of 290 bp fragmCTt ftom 
specific oligos plus amphfication with FPl and FP2 primers. The band in colnnm 3 shows a 
high eflficiency of the invrative polynucleotide assembly process. 

10 Figure 10 shows a sequence of an assembled polynucleotide in Example 4, broken 

down into its component oligonucleotides. 
Detailed Description of the Invention 

The present invention describes the preparation of a polynucleotide sequence (also 
called "gene") using assembly of overlapping shorter oligonucleotides synthesized or spotted 

15 on microairay devices or on solid sur&ce bead devices. The shorter oligonucleotides include 
sequence regions having overlqiping le^ons to assist in assembly into the sequmce of flie 
desired polynucleotide. By overlapping regions, it is referred to sequence regions at either a 3 ' 
end or a 5' end of a first oUgomicleotide sequence that is the same as part of the second 
oligonucleotide and has the same direction (relative to 3 ' to 5' or 5' to 3 ' direction), and will 

20 hybridize to the 5' end or 3 * CT.d of a second oligonucleotide sequence or its complimentary 
sequence (second embodiment), and s second oligonucleotide sequence to third 
oligonucleotide sequence, and so on. In order to design or develop a microairay device or bead 
device to be used for polynucleotide assembly, flie polynucleotide sequence is divided (or 
dissected) into a number of overlapping oligonucleotides segments, each witib. lengths 

25 preferably fiom 20 to 1000 bases, and most preferably fcom 20 to 200 bases (Figure I A). The 
overiap between oligonucleotide segments is 5 or more bases, preferably 1 5 - 25 bases to that 
proper hybridization of first to second, second to third, tod to fi)urth and so on occurs. These 
oligonucleotides (or oligos) are preferably synthesized on a microairay device usmg any 
available method (i.c., electrochemical in situ synthesis, photoUthography in situ synthesis, 

30 ink-jetprinting,spottmg,etc.). Hiedirectionof synthesis relative to the microaiiay device 
sur&ce or porous matrix covering a rnicroarray device can be fiom 3' to 5* or ftom 5' to3\ 
Preferably, ^i/u synthesis is done in the 3* to 5' directiorL 

In the first embodiment the inventive gene/polynucleotide assembly process uses 
oligonucleotides immobilized on a microairay device. The microairay device itself or a porous 

3 5 reaction layer with immobilized oligonncleotides can be used for the inventive 
gene/polynucleotide assembly process. 

With regard to Figure IB, the process comprises sevCTal repeated steps of metdn^ 
annealing and extension (Figure IB), which can be p^onned in any thermal cycler 
instrument The cycling program is similar to the programs used for PCR- At the jSrst step of 
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genfi^lymicleotide assembly, primer Frl is added and aimeals to oligonucleotide 1 on Ihe 
microairay device and fbien eictends by appiopriate polymerase enzyme into product 
complementaiy to oUgonucleolide 1 (called complim^otaiy oligonucleolide 1). At flie second 
step of the process die product complementary tQ oligonucleotide I is melted from 
5 oligonucleotide 1, primer Prl is annealed again to the oligonucleotide 1 as well as product 
complementary to oligonucleotide 1 is partially re-anneals to oligonucleotide 1 and partially 
anneals to oligonucleotide 2 due to an overlapping sequence region between oligonucleotide 1 
and oHgomicleotide 2. Extension of Frl leads to production of additional amount of Frl 
extension product Ccomplementary oligonucleotide 1). The annealing of tiie con:q>l6mentaiy 

10 oligonucleotide 1 to oligonucleotide 2 followed by its extension leads to product 

complementary to oligonucleotides 1+2 (called complimentary oligonucleotides 1+2). 
Similarly, at step 3 of the process melting, re-annealing and extension lead to the same 
products as at step 2 plus a product complementary to oligonucleotides 1+2+3. These cycles 
of meltings annealing and extension are repeated until full-lcngfli polynucleotide is formed. 

IS The number of cycles should be equal or moro tiian the number of oUgos on microairay device. 
After formation, the target polynucleotide molecule is amplified by a FCR process with 
two primers complranentary to the ends of this molecule to the desirable amounts. 

Iq a second embodiment^ a plxirality of oligonucleotides that together comprise (with 
overlapping regions) the target polynucleotide sequence are synthesized on a microarray 

20 device (or can be synthesized on beads as a soUd substrate), wherein each oligonucleotide 
sequence furtiier comprises flanking ^ort sequence regions, wherein each flanking sequence 
region comprises one or a plurality of sequence sites for restriction endonuclease, preferably 
endonuclease class K (ERU) enzymes. Each oligonucleotide is amplified by PGR using 
appropriate oligonucleotide primers to the flanking sequence regions to form a preparation of a 

25 plurality of oligonucleotides. The preparation of oligonucleotides is treated then with 

appropriate RBII 6nzyme(s) (specific to the restriction sequences in flie flanking sequence 
regioiss) to produce fianldng fiagments and overlapping oUgonucleotides that, together 
conqnise flie desired polynucleotide sequence. Flanking fiagments and PGR primeis are 
iraioved fiom the mixture, if desired, by different methods based on size or spedfic labeling of 

30 tiie PGR primers. Hie oligonucleotides resembling the desired target polynucleotide then 

assembledi into the final target polynucleotide molecule using repetition of the prhn^ extension 
method and PCS. anq}lification of tiie final molecule. 

Specifically, in second embodiment, the assembly process initially uses 
oligormcleotides immobilized on a microarray device or beads, via immobilization techniques, 

35 such as spotting or ink-jet printing or by direct in stiu synthesis of the microarray device using 
various techniques, such as photolithognqihy or electrochemical synthesis. Tlie ovedapping 
oligonucleotide sequences are designed having an overlapping region and one or two flanking 
sequence regions comprising a restriction class n recognition site (Figure 2A). The assembled 
oligonucleotides together comprise the target polynucleotide sequence. 

11 
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The lengOx of flanking sequences is at least the Imgtfa of REII xecognition site. The 
ffimVtng sequences are designed to have minmifll homology to the specific oligonacleotide 
sequences legions on the midoaiiay device. The flanking sequences canbe Ihe same for each 
oligonxicleotide fiagnient» or be two or more difiterCTt sequences. For example, a pair of 
5 appr op ri ate prim^, called Prl and Pi2, was designed to amplify each oligonucleotide on a 
microatray device (Figure 2) by PGR. Bach primer may contain a binding moiety, such as 
biotin, that does not affect &eir ability to serve as primers. Aft^PCRaxrq>lification1fae 
amplified ds copy of each oligonucleotide was present in the reaction mixture. This reaction 
mixture was treated witfa the iqppropriate REII enzyme or razymes specific for flie restriction 

10 sites in the flanking sequence re^ons. The digestion sites for RBH were designed, afl»r 
cleavage, to produce the desired specific oligonucleotide sequence fiiagments that, \^en 
assembled will fbmi the target polynucleotide sequence. As a result of digestion a mixtme of 
specific double stranded (ds) overlapping oligonucleotide sequence fragments resembling tiie 
structure of desired target polynucleotide, and ds flanking sequences were formed. If desired, 

1 S these flanking sequences and residual primers are removed from the mixture using specific 
absorption fliroug^ specific moieties introduced in flie primers (such as, for example, by 
absorption on avidin beads for biotin-labeled primers), or based on the size difference of the 
specific oligos and flanking sequences and primers. The mixture of specific oligonucleotide 
sequences resembling target gene sequence is used to assemble the final target polynucleotide 

20 molecule using repeated cycles of melting, self-annealing and polymerase extension followed 
by PGR anq>lification of &e final target polynucleotide molecule with appropriate PGR 
primers designed to amplify. This final PC31 amplification step is routinely done in tbie art and 
described in, for example, MuUis et al.. Cold Spring Harb. Symp. Quant BioL 51 Pt 1:263-73, 
1986; and Saiki et al., Science 239:487-91 , 1988, PGR amplification steps generally follow 

25 manufacturers instructions. Briefly^ A process for amplifying any target nucleic acid sequence 
contained in a nucleic acid or mixture thereof comprises treating separate complementary 
strands of the nucleic acid with a molar excess of two oligonucleotide primers and extending 
flie primers with a fhennostable enzyme to form conq>lementary primer extension inx}ducts 
which act as templates for synfliesizing the desired nucleic acid sequence. The amplified 

30 sequence can be readily detected. The steps of the reaction can be repeated as ofisn as desired 
and involve temperature cycling to effect hybridization^ promotion of activity of the enzyme, 
and denaturation of tiie hybrids formed. 

In anoth^ ^bodiment for tiie assembly st^, oligonucleotide sequences fliat together 
comprise the target polynucleotide molecule, are assembled using a Ugase chain reaction as 

35 described in Au et aL, Biochem. Biaphys. Res. Coinmiau 248:200-3> 1998. Briefly, short 

oli^nucleotides are joined through ligase chain reaction (LCK) in hig^ strii^ency conditions 
to make 'hmit fiagmenls" (Fifly microliters of reaction mixture contained 22 mM of each 
oligo, 8 units Pfii DNA ligase (Stratagene La Jolla^ CA) and reaction buffer provided with the 
enzyme. LCR was conducted as fi>Uows: 95 ""C 1 min; 55 X 1,5 min, 70 X L5 man, 95 30 
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sec for 15 cycles; 55 ''C 2 irim; 70 ^'C 2 xnin, whidt are then fiised to fbnn a fuU-lengdi gpne 
sequence by polymerase chain reaction. 

la another yet embodiment the ds oligonucleotide sequences are assembled afier 
preparation by chain ligation cloning as described in Pachuk et aL, Gene 243:19-25, 2000; and 

5 U.S. Patent 6,143^27 (tiie disclosure of which is incorporated by reference herein). Briefly, 
chain reaction cloning allows ligation of double-stranded DNA molecules by DNA ligases and 
bridging oligonucleotides. Double-stranded nucleic acid molecules are denatured into sin^e- 
stranded molecules. The ends of tiie molecules are brought together by hybridization to a 
template. Ihe template ensures that the two single-stranded nucleic acid molecules are aligned 

10 correctly. DNA ligase joins Ihe two nucleic add molecules into a single, larger, composite 
nucleic acid molecule. The nucleic acid molecules are subsequently denatured so that the 
composite molecule formed by the Ugated nucleic acid molecules and the template cease to 
hybridize to each. Each composite molecule then serves as a tenq)late for orienting unligated, 
single-stranded nucleic acid molecules. After several cycles, composite nucleic acid molecules 

15 are generated ftom smaller miclrfc acid molecules, Anumberof applications are disclosed for 
chain reaction cloning including site-specific ligation of DNA fragments generated by 
restriction enzyme digestion, DNAse digestion, chemical cleavage, «zymatic or chemical 
syntiiesis, and PGR amplification. 

With regard to the second embodiment of the inventive process (illustrated in Figure 2), 

20 a target polynucleotide gene sequence (either strand) is divided into number of overlapping 
oligonucleotide sequences by hand or with a software program, as shown in Figure 1. Th^e 
oligonucleotide sequences, plus flanlcins sequences A and B (having one or a plurality of 
restriction en^noie sites in flue flanking re^on sequence), are synthesized (in sfitu) on 
microanay device, or on a bead sold sur&ce using standard m sifu synthesis techniques, or 

25 spotted (piB-synfhesized) onto a microairay device using standard oligonucleotide synttiesis 
procedures with standard spotting (e.^,, compnter-aided or ink jet prruting) techniques. The 
oligonucleotide sequences are amplified, preferably using a PGR process with a pair of primers 
(Prl and Pr2). The primers are optionally labeled wifli specific binding moieties, such as 
biottn. The resulting acaqpliGed mixture of difEerent amplified oligonucleotide sequences are 

30 double stranded (ds). The mixture of ds oligonucleotide sequetices are treated with an 

i^yprepriate restriction enzyme, such as an REII restriction enzyme (e.^., Mly I enzyme), to 
produce mixture of different double stranded (ds) overlapping oligonucleotide sequences that 
can be assembled into the stmcture of the desired polynucleotide (gene) and ds flanking 
sequences. Optionally, the flanking sequences and residual primers are removed fiom the ds 

35 oligozmdeotide sequence mixture, preferably by a process of specific absorption using specific 
binding moieties introduced in the pdmers {eg., biotin), or by a process of size fi»ctionation 
based on flie size differences of the specific oligonucleotide sequences and flanking sequences. 
The mixture of specific oligonucleotide sequences is assembled, for example, by a process of 
lepeated cycles of melting, self-azmealing and polymerase extension followed by PGR 
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amplification of fhe final molecule with ^jpropriate PCR primers designed to amplify fhis 
complete molecule (e.g., as described in Mullis et aL. Cold Spring HaH,. Symp. Quant Biol 51 
Pt 1.263-73, 1986; and Saild etaL, Sdenee 239:487-91, 1988). 

In yet anotiier embodimeat of flie inventive process CUustoied in Figure 3). Ihe 
5 oUgpnuoleotide sequences conqnisingfte target polynucleotide sequence are synfhesized on a 
microairay device or bead solid support, each oligonucleotide having a cleavable linker moiety 
synlliesized witiiin flie sequence, such lhat after syntiiesis, oUgonucleotides can be cleaved 
from the microairay device into a solution. Examples of appropriate cleavable are shown in 
Figure 3A. In addition to tiiis method of cleavage, a sequence containing RE enzyme dte can 
10 be synthesized at file ends of oUg«nucledtides attached to file micioanay device. Tbese 
oUgonucleotides on flie micioanay device ften hybridize witii an oHgonucleotide 
complementary to fins additional flanking sequence and treated wifii an RE enzyme specific 
for file RE enzyme site. This process releases oligonucleotide fragments resembling the 
structure of tiie target polynucleotide. This set of oligonucleotides then can be assembled into 
15 the final polynucleotide molecule using any one of ti» methods or combination of fiie methods 
of ligation, primer extension and PGR. 

In a tiiiid embodfanent of flie inventive process, a plurality of oligonucleotides tiiat can 
be assembled into a foil lengfli polynucleotide are syntiiesized on a micioairay device (or beads 
having a solid snrfece) having specific cleavable linker moietiesCFigure 3 A) or capable of 
20 being cleaved from the sofid support of the microairay device or beads by a chemical 

treatment. Hie net effect is to recreate flie functional 3 ' ends and 5' ends of each specific 
oligonucleotide sequence. After treatment to cleave fliem. fee oligonucleotides (each having 
overlapping regions) are released into a mixtnre and used for full-lengfli polynndeotide gene 
assembly using any of file ^ne assembly processes described herefai. 
25 spedficaUy, in the fiiiid embodiment and as illustrated m Figure 3, a target 

polynucleotide sequence is dissected into number of overlying oHgonucleotide sequences by 
a software program or on paper, but not necessarily physically in a laboratory. These 
oUgonucleotide sequences are physically syntiiesized on a microatiay device. In alfismative A, 
flie oligonucleotide sequences are connected to file microanay device through cleavable linker 
30 moiety. Chemical cleavage under basic conditions (&g., flirou^ addition of ammonia), at 
cleavable linker CL recreates fiie usual 3' end of fiie specific oHgonucleotide sequences 1 
tiirou^ N. OHgonucleotide sequences 1 finou^ N are released into a mixlure. The mixtare 
of oHgonucleotide sequences is used for polyriucleotide assembly. 

In alternative B, oUgonucleotide sequences are connected to a microairay device 
35 flirough additional fiankmg sequence regions containmg a restriction enzyme (RE) sequence 
site. A second oHgonucleotide fragment, complementary to fiie flanking sequence, is 
hybridized to fiie oHgonucleotides on flie micioatray device. This recieates a ds structure at fi» 
flanking sequence region, including the RE recognition site. Digestion of fliis ds DNA 
strucbne wifli RE enzyme specific to tiie RE recognition site in tiie flanking sequence region 
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will release specific oligonucleotides 1 throusJi N into a mixture solution. Hie 
oligonucleotides 1 taough N are able to assemble into a polynucleotide molecule in solution. 

fii another example of altemative B, oligonucleotidfis that together assemble into flie 
polynucleotide, are synfliesized on a micioarray device, each having a flanking sequence on 

5 file microairay side. The flanking sequence fiirfcer comprises a restriction endonucl^ 
recognitiQn site (see Figure 3B). Oligonucleotides complimentary to the flanking sequence 
region aie added and hybridized to the oligonucleotides on microairay device. After 
hybridization a RE (restriction enzyme specific to the RE sequmce in the fiankmg region) is 
added to flie micioazray device. Specific oligonucleotide sequences are released fiom fee 

10 micioaimy device as a result of RB digestion mlo a mbcture. The mixture of specific 
oligonucleotide sequences assembled mto flie fiilHengfe polynucleotide sequence. 

Example 1 

This example illustrates assembly of 172-mer polynucleotide sequence fix)m non- 
cleavable oligonucleotide sequences synfeesized on a microanay device according to the first 

15 embodiment inventive process P^igures 4 and 5). Three oli^ucleotides (sequences shown in 
Figure 5) were synthesized in situ on a microarray device according to an electrochemical 
process (see U.S. Patmt 6,093,302, fee disclosure of which is incorporated by reference 
h^em). The oligonucleotide sequences synfeesized were amplified by a PCR reaction wife 
primers X (complementary to fee strand of oligo#l) and Z (same strand as oligo#3) (Figure 5). 

20 AfiOT 45 cycles of PCR using a PGR Idt wife AmplyGold® enzyme (Applied Biosystems) a 
correct DNA ftagment of 172 bp was synfeesized (Figure 4), Its subsequent digestion 
confinned fee specifici^^ of feis enzyme wife HpcSL producing two fiagments of 106 bp and 68 
bp. 

Example 2 

25 This example illustrates fee second embodiment of fee inventive process for preparing 

oligonucleotides for assembly into fiill-Iengfe polynucleotides by PCR and REE (restriction 
enzyme) digestion. A single oUgonucleotide sequence was synfeesized on a micioarray device 
according to fee procedure in Example 1 (see Figures 2 and 6). The oligonucleotide sequence 
finfeer conoprised 2 flanking sequences, each having a recognition site for a Mfyl restriction 

30 enzyme. This rnicioarray device was subject to a PCR (25 cycles) reaction wife 

(shown in Figure 7) to produce an amplified PCR fi»gment mixture. The amplified PCR 
jS^gment obtained was digested by Myl restriction enzyme and purified by a PCR purification 
Idt (Qiagen) to produce specific oligonucleotides ready for assembly (Figure 7). Similarly, feis 
specific oligonucleotide was purified ftom fee flanking sequences by absorption of the 

35 digestion mixtore by Streptavidin-agarose (Sigma). 

Example 3 

This example illustrates fee assembly of a 290 bp polynucleotide sequence from 9 
oligonucleotide sequences, each having -ngrnlHng sequences containing a Mfyl restriction site. 
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Eadi of the nine diflferent oligonucleotide sequences was synjfiiesized on a xnidoanay device 
OuDugji an in sUu electrochemistry process as described in example 1 heientL 

Tbe nucioarEay device containing the nine specific oligonucleotide sequences (wifli 
flgtiiring sequences as shown in Figure 8) was used &r PGR amplification of each 

5 oligonucleotide sequence using two primers. Primer 1 and 2, described in Figure 6 to fomi a 
mixture of ds oligonucleotide sequaices. He primers were complemenfaay to tiie flanking 
sequences. The mixture of the amplified ds oligonucleotide sequences was digested by Mlyl 
enzyme. Specific ds oligonucleotide sequences were purified and then assembled into the final 
290 bp polynucleotide sequence in two steps as described in Figure 2 and shown schematically 

10 in Figure 9. At tiie first step of assembly 20 cycles of melting-annealing-extension were used. 
The fitiAl product was anq>lified using two primes FPl and FP2 (Figure 9) in 25 cycles of 
PGR into a 290 bp polynucleotide DNA. 

Example 4 

This exan^Ie illustrates liie creation of a cDNA polynucleotide sequence capable of 

1 5 coding on expression for fusion protein MIP^FP-FLAG (Macrophage Inflamma tion Protein - 
Gieen Fluorescmce Protein - FLAG peptide) using thirty-eigjht overIiq>ping oligonucleotide 
sequences (Piffm 10), The 38 oligonucleotides vrete synthesized on a nricroairay device using 
an electrochemical in situ synthesis approach, as described in example 1 . Each oligonucleotide 
sequence contained a cleavable linker moiety (see Figure 3 A) at their 3' end. After 

20 simultaneous deprotection and cleavage of tiiese oligonucleotide sequences by concentrated 
ammonia, the mixture of oligonucleotide sequences was oligonucleotide sequence was purified 
by gel-filtration through the spin cohimn. The purified oligonucleotide sequences were 
assembled into a polynucleotide by a process shown schematically in Figure 3. The resulting 
DNA polynucleotide was 965 bp and contained both a T7 RNA-polymerase promoter and a 

25 coding sequence for MIP-GFP-FLAG fusion protein. The polynucleotide assembled in this 
example was used in a stanjdard transcription/translation reaction and produced tte appropriate 
MIP-GFP-FLAG fusion protein. The translated protein was purified fiom the reaction mixture 
using anti-FLAG resin (Sigma), The functional protein possessed green fluorescence signal in 
appropriate blue li^bt. Accordingly, tins e?q)diment demonstiBted that the in^ . 

30 assembly process provided the correct DNA sequence coding for tbe fimctional protein. 
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I claim: 

1 , A process far assembling a polyraicleotide ftom a phnality of oligoimcleotideg 
ccHnpiising: 

(a) synfhesizmg or spotting a phnaKty of oligonucleotide sequences on a 
5 TOicroairay device or bead device having a solid or porous surface, wherein a first 

oligonucleotide is oKgo 1 and a second oligonccleotide is oligo 2 and so on, wherein the 
plurality of oligonucleotide sequences are attached to the soUd or porous surfece, and wherem 
the first oligonucleotide sequence has an ovedq>ptng sequence region of fit>m about 10 to 
about 50 bases that is the same or substantial^ flie same as aregjon of a second 
10 oKgonudeotide sequence, and wherein the second oligonucleotide sequence has an 
oved^ping region with a flnrd oligonucleotide sequence and so on; 

(b) forming complimentary oligo 1 by extending primer l,whereitt primer 1 is 

complimentary to oligo 1; 

(c) disassociating complimentary oligo 1 from oligo 1 and annealing 

15 complimentary oligo 1 to both oligo 1 andtotheoverlappmgregionof oligo 2, v*fiieinttie 
annealing of complimentary oUgo 1 to oligo 2 serves as a primer fox extension for forming 
complimentary oligo 1+2; 

(d) repeating the primer extension cycles of step (c) until a fidl-lenglh 

polynucleotide is produced; and 
20 (e) amplifying tiie assembled complementary full length polynucleotide to produce 

a full length polynucleotide in desired quantities. 

2. Hie process for assembling a polynucleotide fix)m a plurality of 
oHgonucleotides of claim 1 whraein flie soUd orporous surfece is in the form of a microarray 
device. 

25 3. The process for assembling a polynucleotide fiT>m a plurality of 

oHgonucleotides of claim 2 wherein the microarray device is a semiconductor device having a 
plurality of electrodes for synthesizing oligonucleotides in situ using electrochemical means to 
couple and decouple nucleotide bases. 

4, The process for assembling a polynucleotide ficom a plurality of 

30 oligonucleotides of claim 1 wherein the prim^ extension reaction is conducted through a 
sequential process of melting, anuealiog and flien extension. 

5, The process for assembling a polynucleotide ftom a plurality of 
oligonucleotides of claim 4 wherein the primer extension reaction is conducted in a 
thermocycler PGR amplification device using the microairay having tiie plurality of 

35 oligonucleotides bound thereto. 

6, A process for assemhling a polynucleotide ftom a plurality of oligonucleotides 

comprising: 

(a) synthesizing in situ or spotting a plurality of oligonucleotide sequences on a 
microarray device or bead device each having a solid or porous surfece, wherein the plurality 

17 



wo 2004/D24S86 



PCT/US2003/028946 



Of oUgomicleotide sequences are attached to flie soHd or porous surfece, and wherein each 
oUgQmicleotide sequence has an overlapping region corresponding to a next oligonucleotide 
sequence within Ihe sequence and furflier comprises tw^ 

and the other at the 5 ' end of each oli^nucleotide , wherein each flanking sequroce is ftom 
5 about 7 to about 50 bases and comprising a primer region and a sequence segment havmg a 
lestdction enzyme clravable site; 

(b) amplifying each oligonucleotide using the primer regions of flie flanking 
sequence to form double stranded (ds) oligonucleotides; 

(c) cleaving the oligonucleotide sequraces at flie restriction enzyme cleavable sit^ 

10 and 

(d) assembling the cleaved oligonucleotide sequences througji the overlapping 
regions to fimn a fall length polynucleotide, 

7. The process for assembling a polynucleotide from a plurality of 
oligonixcleotides of claim 6 wherein the flanking sequence is &om about 10 to about 20 bases 

15 in length. 

8. The process for assembling a polynucleotide fit>m a plurality of 
oligonucleotides of claim 6 ixdi^ein the restriction enzyme cleavable site is a class II 
endonuclease restriction site sequence capable of being cleaved by its corresponding class H 
restriction CTidonuclease enzjone. 

20 9. The process for assembling a polynucleotide from a plurality of 

oligonucleotides of claim 8 wherein the restriction endonucleose class 11 site corresponds to 
restriction sites for a restriction endonuclease class n enzyme selected fix)m the group 
consisting of Mly I, BspM I, Bae I. BsaX I, Bsr I, Bmr I, Btrl, Bts I, Fokl, and combinations 
diereof. 

25 10, The process for assembling a polynucleotide from a plurality of 

oligonucleotides of claim 6 wherein the flanking sequence further comprises a binding moie^ 
used to purify cleaved oligonucleotides from flanking sequences. 

1 1 . The process for assembling a polynucleotide from a plurality of 
oligonucleotides of claim 6 wherein the process further comprises the step of labeling the 

30 flanking sequence during flie amplification step (b) using primer sequences labeled with 
binding moieties. 

12. The process for assembling a polynucleotide from a plurality of 
oligonucleotides of claim 1 1 wherein a binding moiety is a smaU molecule able to be captured, 
such as biotin captured by avidin or streptavidin, or fluorescein able to be captured by an anti- 

35 fluorescein antibody. 

13. A process for assembling a polynucleotide flrom a plurality of oligonucleotides 

comprising: 

(a) synfliesizing in siiu or spotting a plurality of oligonucleotide sequences on a 
microarray device or bead device each having a solid or porous surface, wherein the plurality 
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Of oHgomicleotide sequences aie attached to flie solid or porous surfece, and wheiem each 
oligonucleotide sequence has an ovcilapping legjon coireaponding to a next oligonucleotide 
sequence withm the sequence, and fiirflier coniprises a sequence segment having a cleavable 
link^moiet/; 

5 (b) cleaving the oligonucleotide sequmces at flie cleavable linker site to cleave 

each oligonucleotide complex ftom tiie microanay or bead solid surface to fonn a soluble 
tnixtuie of oligonucleotides, each having an overlapping sequence; and 

(c) assembling the oligonucleotide sequences ffarough the overlapping regions to 
form a fiiU lengtii polynucleotide. 

10 14. The process for a^embUng a polynucleotide ftom a plurality of 

oligonucleotides of claim 13 wherein tiie cleavable linker is a chemical composition havmg a 
succinate moiety bound to a nucleotide moiety such that cleavage produces a 3 'hydroxy 
nucleotide. 

15. The process for assembling a polynucleotide from a plurality of 

1 5 oligonucleotides of claim 14 wherein the cleavable linker is selected ftom the group consisting 
of 5'-dimetiioxytrityl-thymidine-3'8UCcinatB, 4-N-benzoyl-5'-dimethoxytriQd-deoxycytidine- 
3*-succinate, l-N-benzoyl-5'-dimefhoxytrityl-deoxyadenosine-3* -succinate, 2-N-isobutyryl-5'- 
dimefhoxytrityl-deoxyguanosone-3 '-succinate, and combinations tiiereof 

16. A process for assembling a polynacleotide fix>m a plurality of oligonucleotides 
20 comprising: 

(a) synthesizing in situ or spotting a plurality of oligonucleotide sequmces on a 
microanay device or bead device each having a solid or porous surface, wherein flie plurality 
of oligonucleotide sequences are attached to flie solid or porous surface, and wherein each 
oKgqnocleotide sequence has a flanking region at an end attached to the solid or porous 

25 surface, and a specific region designed by dissecting the polynucleotide sequence into a 
plurality of overlapping oligonucleotides, wherein a first overlapping sequence on a first 
oligonucleotide corresponds to a second overlying sequence of a second oligonucleotide, and 
wherein Ihe flanking sequence comprises a sequence segment having a restriction 
endonuclease (RB) recognition sequence capable of bemg cleaved by a canespondmg RE 

30 enzyme; 

(b) hybridizing an oligonucleotide sequence complementary to the flanking region 
to form a double stranded sequence capable of intemcting with the corresponding RE enzyme; 

(c) digesting the plurality of oligonucleotides to cleave them ftom the 
microanray device or beads into a solution; and 

35 (d) assanblmg flie oligonucleotide mixture through flie overlapping regions to form 

a full lengfli polynucleotide. 

17. The process for assembling a polynucleotide ftom a plurality of 
oligonucleotides of claim 16 wherein the flanking sequence is ftom about 10 to about 20 bases 
in length. 
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18. The process for assembling a potynncleotide ftom a plurality of 
oligonucleotides of claim 16 wherein the restriction enzyme deavable site is a class H 
endonuclease restriction site sequence capable of being cleaved by its corresponding class H 

restriction endonuclease enzyme. 
5 19, The process for assembling a polynucleotide jBnom a plurality of 

oligonucleotides of claim 18 wherein the lesiriction endonucleose class H site correspoiMis to 
restriction sites for a restriction endonuclease class U enzyme selected ftom the group 
consisting of MIy t BspM I, Bae I, BsaX I. Bsr I, Bnn: I, Btr I, Bts I, Fok I. and 

fhereof 

10 20. Tlie process for assembling a polynucleotide ftom a plurality of 

oligonucleotides of claim 16 wherein flie process furtha: comprises a final step of amplifjmg 
the polynucleotide sequence using primers located at both ends of the polynucleotide. 

21 . A process for creating a mixture of oligonucleotide sequences in solution 
comprising: 

15 (a) synthesizmg in situ or spotting a plurality of oligonucleotide sequences on a 

microairay device or bead device each having a solid or porous surface, wherein the plurality 
of oligpnucleotide sequences are attached to the solid or porous surfece, and wherein each 
oligonucleotide sequence further comprises two f la nking sequCTices, one at flie 3' end and the 
other at the 5^ end of each oligonucleotide, wherein each.flanking sequence is from about 7 to 

20 about 50 bases and comprising a primer region and a sequence segment having a restriction 
en^me cleavable site; 

(b) amplifying each oligonucleotide using the primer regions of the flanking 
sequence to form a double stranded (ds) oligonucleotides; and 

(c) cleaving the double stranded oligonucleotide sequences at flie restriction 

25 enzyme cleavable site. 

22. The process for creating a mixture of oligonucleotide sequences in solution of 
claim 21 wherein the jSanking sequence is from about 10 to about 20 bases in lengttL 

23. The process for creating a mixture of oligonucleotide sequences in solution of 
claim 21 wherein tiie restriction enzyme cleavable site is a class H raidonuclease restriction site 

30 sequence capable of bemg cleaved by its corresponding class H restriction endonuclease 
enzyme, 

24- The process for creating a mixture of oligonucleotide sequences in solution of 
claim 23 wherein flie restriction endonucleose class EE site corresponds to restriction sites for a 
restriction endonuclease class II enzyme selected from tiie group consisting of Mly I, BspM I, 
35 Bae I, BsaX I, Bsr I, Bmr I, Btr I, Bts I, Fok I, and combinations thereof- 

25, The process for creating a mixture of oligonucleotide sequences in solution of 
claim 21 wherein the flanking sequence fturtfaer comprises a binding moiety used to purify 
cleaved oligonucleotides ftom fiankmg sequences. 
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26. Tli6 process for creating a xnixtuie of oli^mucleotide sequences in solution of 
claim 21 wherein fbe process further conqirises Ihe step of labeling Hie flanking sequence 
during tibe ampIijScation st^ (b) using primer sequences labeled with binding moieties. 

27. The process for creating a mixture of oligonucleotide sequences in solution of 
5 claim 26 who^in a binding moiety is a small molecule able to be captured, such as biotin 

captured by avidin or stceptavidin, or flnorescein able to be captured by an and-fhiorescein 
antibody. 

28. A process for creating a mixture of oligonucleotide sequences in solution 
comprising: 

10 (a) synth6si2ingm.ffzhior spotting a plurafity of o£gonucleotide se 

microarray device or bead device each having a solid or porous surface, wherein tte plurality 
of oligonucleotide sequences are attached to the soUd or porous surface, and wherein each 
oligonucleotide sequence has a sequence segment having a cleavable linker moiety; 

(b) cleaving the oligonucleotide sequences at the cleavable linker site to cleave 

1 5 each oligonucleotide sequence fiom the microarmy or bead solid surfioce to form a soluble 
mixture of oligonucleotides. 

29. The process for creating a mixture of oligonucleotide sequences in solution of 
claim 28 whaein the cleavable linker is a chemical composition having a succinate moiety 
bound to a nucleotide moiety such that cleavage produces a 3 'hydroxy nucleotide. 

20 30. The process for creating a mixture of oligonucleotide sequences in solution of 

claim 29 wherein the cleavable linker is selected fiom flie group consisting of 5*- 
dimetiioxytrityl-thyniidine-3 'succinate, 4-N-benzoyl-5'-Jimeth03cytrityWeoxycytidm 
succinate, l-N-tenzoyl-5'-dimethoxytri^-deoxyadenosine-3*-succinatea 2-N-isobutyryl-5*- 
dimethoxytrityl-deoxyguanosone^S '-succinate, and combinations theteof. 

25 3 L A process for creating a mixture of oligonucleotide sequences in solution 

comprising: 

(a) synthesizing in sUu or spotting a plurality of oligonucleotide sequ^ces on a 
microarray device or bead device each having a solid or porous sur&ce, wherein tiie plurality 
of oligonucleotide sequences are attached to the solid or porous sm£ajce, and wherein each 

3D oligonucleotide sequence has a flanking region at an end attached to the solid or porous 

surface, and a specific region^ wherein the flanking sequence comprises a sequence segment 
having a restriction endonuclease (R£) recognition sequence capable of being cleaved by a 
corresponding RE enzyme; 

(b) hybridizing an oligonucleotide sequence complementary to the flanking region 
35 to form a double stranded sequence capable of interacting with the coxzesponding RB enzyme; 

(c) digesting the plurality of oligonucleotides to cleave fhem fiom the microarray 
device or beads into a solution. 

32. The process for creating a mixture of oligonucleotide sequences in solution of 
claim 31 wherein the flanking sequence is fiom about 10 to about 20 bases in length. 
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33. The process for cteathig a mixtiize of oligonucleatide sequences in sohitian of 
claim 3 1 herein &6 restriction enzyme cleavable site is a class Q endonuclease restriction site 
sequence capable of being cleaved by its cotresponding class n restriction endonnclease 
enzyme, 

34. The process for creating a mixture of oligonucleotide sequeiKies in solution of* 
claim 33 wherein the restriction endonucleose class II site corresponds to restriction sites for a 
restriction endonuclease class H enzyme selected from tiie group consisting of Mly I, BspM I» 
Bae BsaXI, Bsr I, Bmr I, Btr I, Bts I, Fokl^ and combinations thereof 
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#1 

Chip- Primer X ^ 

S ^AATTATGCTOAgTy^ATATCCCTTTCT ACXyKmK^GGCTGGCGCACGACGAACT 

5 CGAATGTGGAGGCCCGTCTAAGGTGTCTS' (82m«!r) 

#2 

Chip- HpaE-site 

3'GGACGACGAAGTCGAATGTGGAGG^OGTCrAAGGTGTCTTAAAGTATCGA 
10 CTGATGAAACTCTGCTCGTCGGTCACGAGGTTC-5' (84iner) 



#3 

15 3'GTATCGACTGATGAAACTCTGCTCGTCGGTCACGAGGTTCCCTCGACCACCG 
PA TT.ATITTTTCTC.CTACTrtCTGTTCACGA'ITATC- S' (86mer) 

Primer Z 



20 



Final product: 172mer (one of two strands is shown, direction is 3' to 5' fiw convaiiaice) 

3' TAATrATnCTGAgTGATATCCCTTTCT ACCTGTCX:GGCTCXK:GGACGACGAAGT 

CGAATGTGGAG^OCGTCTAAGGTGTCTTAAAGTATCGACTGATGAAACTCTG 

CTCGTCGGTCACGAGGTTCCCTCGACCACCGCATGAanOITTCTGeiA^^ 

CACGATTATC5' 



25 



Figure 5 
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1: 

CCATCACGCntSACTCTTACCT ACXlTAATACGACTCACrATACKjGA 
GACACXX;CGA CGAGACGACTCCTAATCGAA 
5 2: 

CCATCACGCrroA<n<nTACX3C XK:CT0CT0CTICAGCTACACX^^ 
AATTT CGAGACGACTCCTAATCGAA 

3: 

CCATCACGCTGAGTCrTACX5A TAGCTGACTACriTroAGAC!GAG<l\Ga:^ 
10 CCCGQTGT CGAGACGACTCCTAATCGAA 
4: 

CK^ATCACGCTGAGTCITACGA TCTICCTAACCAAGOGAAG^ 
CCGAGACGACTCCTAATCGAA 

5: 

15 C^ATCACGCTGAGTCITACGC AGGCACnCAGCTCTACGGQGCXGTC^ 
TTCrQCIXK3TAGTaGTCXKK:GAGCIXK::ATAT^^ 
CTAATCGAAC 

6: 

20 <X:ATCACGCTGAGTCITACGA TATTrCTGGACXX:ACTCCICACTGGGG 
TGCCGAGACGACTCCTAATCGAA 

7: CCATCACGCrGAGTCTTACGG GCTTCXjCrnXK3TTAQGAAGATG;^ 
CACTGQ CGAGACGACTCCTAATCGAA 

8 :CCATCACGCTGAGiyJITACGT GCTCGTCTCAAAGTAOTCAGCTATOAAATI^ 
25 TGGAATCTGC CGAGACGACrCCTAATCGAA 9: 

CCATCACGCTGAGTCrrACXSIG GGAGGTGTAGCTOAAQCAGCAGGCXK?^ 

TGGTGGCGACGAGACGACTCCTAATCGAA 



11/14 




12/14 



wo 2004/D24886 PCTArS2003/028946 

1: TACGTAATACXJACTCACTATACKKSAAAGTC^ 

2: CGCCTGCTGClTCAGCTACACCnCCCQGCAaATT^^ 

5 

3: ATAGCTGACTACTTTGAGACXiAGCAGCCAGTC^ 

4: ATCnTCCrrAACX:AAGCGAAGCCGGCAGGTCT 

10 5: AGTQAGGAGTGGGTCC^GAAATATGTCAGCGACCTAQAGCTGACT 

6: ATATTTCIX^ACCCACTCCTCACTGGGGTCAGCACAGACCT 

7: GGCTTCGCTTGQTTAGGAAGATQACACCGGGCrrGGA^ 

15 

8: TGCTCGTCTCAAAGTAGTCAQCTATGAAATICTQT^^ 

9: GGGAGGTGTAGCTGAAGCAGCAGGCGGTCGGCGTGTCCATGQTGGCGAC 

20 IF: GGTGAACAGCTCCTCGCCCTTGCTCACCATGGCACTCAGCTCTAGGTCGCTGAC 

2F: CATGGTGAGCAAGGGCGAGGAGCTGTTCACCGG6GTGGTGCCCATCCTGGTC 

3F: TTGTGGCCGTTTACGTCGCCGTCCAGCTCGACCAGGATGGGCACCACCCC 

25 

4F: GAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGC 

5F: TTGCCGTAGGTGGCATCGCCCTCGCCCTCGCCGGACACGCTGAAC 

30 6F: GAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACC 

7 F : CAGGGCACGGGCAGCTTGCCGGTGGTGCAGATGAACTTCAGGGTCAGC 

8F: ACCGGC2VAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGC 

35 

9 F : GGGGTAGCGGCTGAAGCACTGCACGCCGTAGGTCAGGGTGGTCACGAGGGTGGGC 

1 OF: GTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTC 

40 1 1 F : GTAGCCTTCGGGCATGGCGGACTTGAAGAAGTCGTGCTGCTTCATGTGGTC 

12F: TTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTC 

13 F : GGGTCTTGTAGTTGCCGTCGTCCTTGAAGAAGATGGTGCGCTCCTGGAC 

45 

1 4F: AAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGC 

1 5 F : AGCTCGATGCGGT^^^^^(^QTCGCCCTCGAACTTCACCTCGGCGC 

50 16F: GACKCCCTlQGTlGPj(^(SQ'^aSB^ 
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17F : TCCAGCTTGTGCCCCAGGATGTTGCCGTCCTCCTTGAAGTCGATGCCCTTC 

1 8F: GGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTC 

5 

1 9 F : GTTCTTCTGCTTGTCGGCCATGATATAGACGTTGTGGCTGTTGTAGTTGTAC 

20F: TATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATC 

10 2 IF: ACGCTGCCGTCCTCGATGTTGTGGCGGATCTTGAAGTTCACCTTGATGCC 

22F: CGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGC 

2 3F : ACGGGGCCGTCGCCGATGGGGGTGTTCTGCTGGTAGTGGTCGGCGAGCTGC 

15 

24F: AGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACC 

2 5 F : TTTGCTCAGGGCGGACTGGGTGCTCAGGTAGTGGTTGTCGGGCAGCAGC 

20 2 6F: TGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCAC 

2 7 F : GGCGGTCACGAACTCCAGCAGGACCATGTGATCGCGCTTCTCGTTGGGGTC 

28F: ATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGAC 

25 

2 9F : GGCGGCCGCTTTACTTGTACAGCTCGTCCATGCCGAGAGTGATCCCGGC 



Figure 10 
(continixation) 
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Sequence Listing 
<110> Oleinikov Andrew V. 

<120> MICROARRAY SYKTHESIS AND ASSBMBIiY OF GBNE- 

LENGTH POLYNUCOiBOTIDES 
<130> 0601WO 
<140> 10/243,367 
<141> 2003-09-12 
<160> 51 

<210> 1 
<211> 82 
<:212> DNA 

<213> Artificial Sequence 

<220> 

<223> Primer X #1 Figure 5 

<400> 1 

taattatgct gagtgatatc cctttctacc tgtgcggctg gcggacgacg 
aagtcgaatg tggagggccg tctaaggtgt ct 82 



<210> 2 
<211> 84 
<212> DNA 

<213> TVrtificial Sequence 

<220> 

<223> Primer X #2 Figure 5 

<400> 2 

ggacgacgaa gtcgaatgtg gagggrccgtc taaggtgtct taaagtatcg 
actgatgaaa ctctgctcgt cggtcacgag gttc 84 

<210> 3 
<211> 86 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Primer Z #3 Figure 5 

<400> 3 

gtatcgactg atgaaactct gctcgtcggt cacgaggttc cctcgaccac 
cgcatgatgt ttctgctact gctgttcacg attatc 86 



<210> 4 

<211> 172 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Final assembled product Figure 5 

<400> 4 

taattatgct gagtgatatc cctttctacc tgtgcggctg gcggacgacg 
aagtcgaatg tggagggccg tctaaggtgt cttaaagtat cgactgatga 
aactctgctc gtcggtcacg aggttccctc gaccaccgca tgatgtttct 
gctactgctg ttcacgatta tc 172 



<210> S 
<211> 89 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Fragment #1 Figure 8 

<400> 5 

ccatcacgct gagtcttacg tacgtaatac gactcactat agggaaagtc 
gccaccatgg acacgccgac gagacgactc ctaatcgaa 89 

<210> 6 
<211> 85 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Fragment #2 Figure 8 

<400> 6 

ccatcacgct gagtcttacg cgcctgctgc ttcagctaca cctcccggca 
gattccacag aatttcgaga cgactcctaa tcgaa 85 

<210> 7 
<211> 87 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Fragment #3 Figure 8 

<400> 7 

ccatcacgct gagtcttacg atagctgact actttgagac gagcagccag 
tgctccaagc ccggtgtcga gacgactcct aatcgaa 87 

<210> 8 

<211> 81 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #4 Figure 8 

<400> 8 
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ccatcacgct gagtcttacg atcttccfcaa ccaagcgaag ccggcaggtc 
tgtgctgacc ccgagacgac tcctaatcga a 81 

<210> 9 

<211> 130 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #5 Figure 8 

<400> 9 



ccatcacgct gagtcttacg caggcactca gctctacggg gccgtcgccg 
atgggggtgt tctgctggta gtggtcggcg agctgcatat ttctggaccc 
actcctcact gagacgactc ctaatcgaac 130 

<210> 10 

<211> 83 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #6 Figure 8 

<4GQ> 10 



ccatcacgct gagtcttacg atatttctgg acccactcct cactggggtc 
agcacagacc tgccgagacg actcctaatc gaa 83 

<210> 11 

<211> 84 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #7 Figure 8 

<400> 11 



ccatcacgct gagtcttacg ggcttcgctt ggttaggaag atgacaccgg 
gcttggagca ctggcgagac gactcctaat cgaa 84 

<210> 12 

<211> 84 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #8 Figure 8 

<400> 12 



ccatcacgct gagtcttacg tgctcgtctc aaagtagtca gctatgaaat 
tctgtggaat ctgccgagac gactcctaat cgaa 84 

<210> 13 
<211> 88 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Fragment #9 Figure 8 

<400> 13 

ccatcacgct gagtcttacg gggaggtgta gctgaagcag caggcggtcg 
gcgtgtccat ggtggcgacg agacgactcc taatcgaa BB 

<210> 14 

<211> 50 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Fragment #1 Figure 10 

<400> 14 

tacgtaatac gactcactat agggaaagtc gccaccatgg acacgccgac 50 

<210> 15 

<211> 46 

<212> D3SIA 

<213> Artificial Sequence 
<220> 

<223> Fragment #2 Figure 10 

<400> 15 

cgcctgctgc ttcagctaca cctcccggca gattccacag aatttc 46 

<210> 16 

<211> 48 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #3 Figure 10 

<400> 16 

atagctgact actttgagac gagcagccag tgctccaagc ccggtgtc 4B 

<210> 17 

<211> .42 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #4 Figxire 10 

<400> 17 

atcttcctaa ccaagcgaag ccggcaggtc tgtgctgacc cc 42 

<210> 18 

<211> 47 

<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Fragment #5 Pigiire 10 

<400> 18 

agtgaggagt gggtccagaa atatgtcagc gacctagagc tgagtgc 47 

<210> 19 

<211> 44 

<212> DNA 

<213> Artificial Sequence 
<22Q> 

<223> Fragment #6 Figure 10 

<400> 19 

atatttctgg acccactcct cactggggtc agcacagacc tgcc 44 

<210> 20 

<211> 45 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #7 Figure 10 

<400> 20 

ggcttcgctt ggttaggaag atgacaccgg gcttggagca ctggc 45 

<210> 21 

<211> 45 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #8 Figure 10 

<400> 21 

tgctcgtctc aaagtagtca gctatgaaat tctgtggaat ctgcc 45 

<210> 22 

<211> 49 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #9 Figure 10 

<400> 22 

SagasrSftgta gctgaagcag caggcggtcg gcgtgtccat ggtggcgac 49 

<210> 23 

<211> 54 

<212> DNA 

<213> Artificial Sequence 
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<220> 




<223> 


Fragment #1F Pigiare 10 


<400> 


23 


ggtgaacagc tcctcgccct tgctcaccat < 


tgac 54 




<210> 


24 


<211> 


52 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


Fragment #2F Figure 10 


<400> 


24 


catggtgagc aagggcgagg agctgttcac 


<210> 


25 


<211> 


50 


<212> 


DNA. 


<213> 


Artificial Sequence 


<220> 




<223> 


Fragment #3F Figure 10 


<:400> 


25 


ttgtggccgt ttacgtcgcc gtccagctcg 


<210> 


26 


<211> 


51 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


Fragment #4F Figure 10 


<400> 


26 


gagctggacg gcgacgtaaa cggccacaag 


<210> 


27 


<211> 


45 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


Fragment #5F Figure 10 


<400> 


27 


ttgccgtagg tggcatcgcc ctcgccctcg 


<210> 


28 


<211> 


48 


<212> 


DNA 


<213> 


Artificial Sec[uence 



52 



50 



51 



45 
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<220> 

<223> Fragment #6F Pigiire 10 

<400> 28 

gagggcgatg ccacctacgg caagctgacc ctgaagttca tctgcacc 48 

<210> 29 

<211> 48 

<212> DNA 

<213> Artificial Sequence 

<220> . 

<223> Fragment #7F Figure 10 

<400> 29 

cagggcacgg gcagcttgcc ggtggtgcag atgaacttca gggtcagc 48 

<210> 30 

<211> 54 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #8F Figure 10 

<400> 30 



accggcaagc tgcccgtgcc ctggcccacc ctcgtgacca ccctgaccta 
cggc 54 

<210> 31 

<211> 55 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #9F Figure 10 

<400> 31 



gg39tagcgg ctgaagcact gcacgccgta ggtcagggtg gtcacgaggg 



fcgggc 


55 


<210> 


32 


<211> 


48 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


Fragment #10F Figure 


<400> 


32 



gtgcagtgct tcagccgcta ccccgaccac atgaagcagc acgacttc 48 

<210> 33 
<211> 51 
<212> DNA 



7/11 



wo 2004/D24m6 



PCTAJS2003/028946 



<213> Artificial Sequence 
<220> 

<223> Fragment #11F Figure 10 

<400> 33 

gtagccttcg ggcatggcgg acttgaagaa gtcgtgctgc ttcatgtggt c 51 

<210> 34 

<211> 51 

<212> DNA 

<213> Artificial Sequence 
<220>. 

<223> Fragment #12F Figure 10 

<400> 34 

ttcaagtccg ccatgcccga aggctacgtc caggagcgca ccatcttctt c 51 

<210> 35 

<211> 49 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #13F Figure 10 

<400> 35 

gggtcttgta gttgccgtcg tccttgaaga agatggtgcg ctcctggac 49 

<210> 36 

<211> 48 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #14F Figure 10 

<400> 36 

aaggacgacg gcaactacaa gacccgcgcc gaggtgaagt tcgagggc 48 

<210> 37 

<211> 49 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #15F Figure 10 

<400> 37 

agctcgatgc ggttcaccag ggtgtcgccc tcgaacttca cctcggcgc 49 • 

<210> 38 

<211> 51 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<:223> Fragment #LeP Figure 10 

<400> 38 



gacaccctgg tgaaccgcat cgagctgaag ggcatcgact tcaaggagga c 51 

<210> 39 

<211> 51 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #17F Figure 10 

<400> 39 

tccagcttgt gccccaggat gttgccgtcc tccttgaagt cgatgccctt c 51 

<210> 40 

<211> 51 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #18F Figure 10 

<400> 40 

ggcaacatcc tggggcacaa gctggagtac aactacaaca gccacaacgt c 51 

<210> 41 

<211> 52 

<212> DNA 

<213> Artificial Sec[uence 
<220> 

<223> Fragment #19F Figure 10 

<400> 41 

gttcttctgc ttgtcggcca tgatatagac gttgtggctg ttgtagttgt ac 52 

<210> 42 

<211> 51 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #20F Figure 10 

<400> 42 

tatatcatgg ccgacaagca gaagaacggc atcaaggtga acttcaagat c 51 

<210> 43 

<211> 50 

<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Fragment #21F Figure 10 

<400> 43 

acgctgccgt cctcgatgtt gtggcggatc ttgaagttca ccttgatgcc 50 

<210> 44 

<211> 49 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #22F Figure 10 

<400> 44 

cgccacaaca tcgaggacgg cagcgtgcag ctcgccgacc actaccagc 49 

<210> 45 

<211> 51 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #23F Figure 10 

<400> 45 

acggggccgt cgccgatggg ggtgttctgc tggtagtggt cggcgagctg c 51 

<210> 46 

<211> 51 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #24F Figure 10 

<400> 46 

agaacacccc catcggcgac ggccccgtgc tgctgcccga caaccactac c 51 

<210> 47 

<211> 49 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #25P Figure 10 

<400> 47 

tttgctcagg gcggactggg tgctcaggta gtggttgtcg ggcagcagc 49 

<210> 48 

<211> 50 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Fragment #26F Figure 10 
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<400> 48 

tgagcaccca gtccgccctg agcaaagacc ccaacgagaa g^cgcgatcac 50 

<210> 49 

<211> 51 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Fragment #2 7F Figure 10 

<400> 49 

ggcggtcacg aactccagca ggaccatgtg atcgcgcttc tcgttggggt c 51 

<21G> 50 

<211> 51 

<212> DNA 

<213> Artificial Secjuence 
<220> 

<223> Fragment #2 BP Figure 10 

<400> 50 

atggtcctgc tggagttcgt gaccgccgcc gggatcactc tcggcatgga c 51 

<210> 51 

<211> 49 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Fragment #29F Figure 10 

<400> 51 

ggcggccgct ttacttgtac agctcgtcca tgccgagagt gatcccggc 49 
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